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There are several different levels of genotyping that we will cover in this lecture, so this 
is a quick overview of these levels and the information obtained by each. 
 
Current STR technology returns a number representing the length of a fragment. 
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A mass spec method that determines the mass of each fragment and genotypes by 
comparison to a reference.   
 
At D5S818 we see two peaks for a 12 allele, which is expected because the forward and 
reverse strands have different masses due to the complimentary base compositions.  
But zooming in closer, we see each 12 is a doublet, and this is due to a SNP present in 
one copy of the individual’s chromosomes and not in the other.  So these two different 
versions of a 12 allele migrate slightly differently.  We can’t be sure where the SNP is 
but we know it exists. 
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Array methods interrogate individual SNPs. 
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Snapshot methods also interrogate individual SNPs. 
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Sequence data can be compared to a reference, as in traditional Sanger sequencing of 
mtDNA shown here, where ideally both F and R strands are sequenced, and 
aligned/compared to a reference sequence. 
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De novo sequencing is how unknown genomes are sequenced, when no reference 
genome exists.  Sequences are aligned based on their overlapping regions, and a 
consensus sequence is determined. 
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Comparison of conventional (current) forensic DNA workflows and a possible (future) 
NGS workflow. 
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read length– primarily applies to repeat sequences 
 
interpretation-- nomenclature 
 
Assembly— errors, platform & bioinformatics based biases, barcoding– all need 
extensive validation 
 
Validation– this is a rapidly changing technology, forensic validation would require 
choosing a platform 
 
Court admissibility 
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3X more polymorphisms does not mean 3X the discriminating power, but some of 
these additional polymorphisms may help resolve common haplotypes, or may provide 
the two polymorphisms needed to exclude an individual. 
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A “normal” variant site with 100% frequency. 
 
Sanger sequencing results in a chromatogram which shows total signal for that 
sequencing sample.  The sample genotype is a consensus of generally one F & one R. 
 
NGS data is like thousands of sequencing reactions overlapping at each site.  Because 
NGS looks at base calls rather than fluorescence, we can “see” and quantify rare 
variants, potentially improving sensitivity.  What court issues will this raise? 
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A low level heteroplasmy. 
 
Sanger data will sometimes show a minor type, sometimes not.  Makes it difficult to 
interpret heteroplasmies and mixtures. 
 
NGS will more consistently detect minor types, even very low level ~1%, but must be 
able to distinguish from noise.  Validation of variant calling thresholds will be 
important. 
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Problem areas for Sanger and NGS.  The NGS bioinformatics don’t use “forensic” 
conventions such as shifting indels to the 5’ end of homopolymers or repeat regions.  
These examples show that insertions are placed at the 3’ end.  This would cause an 
apparent discrepancy between Sanger and NGS data for the same sample, but it is a 
matter of adapting the NGS bioinformatics to forensic conventions. 
 
Difficulty “sequencing” indels is due to use of reference genome, because they only 
exist when assembled to a fixed genome. 
 
Nomenclature– will we continue the convention of reporting differences to rCRS or 
simply report the whole genome sequence and do direct comparisons of samples?   
 
With WGS of mtDNA, we’ll be looking at polymorphisms in regions that are less familiar 
than HV regions, so could benefit from haplogroup based QC analysis.  Resources such 
as EMPOP (EDNAP mt pop db, EDNAP=European DNA Profiling group) could help by 
using phylogenetic analysis of observed haplotypes to pinpoint possible technical 
errors.  Currently EMPOP only allows evaluation of HV region haplotypes. 
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One of the bioinformatics packages we are using allows for setting the reference 
genome as a circular molecule.  This is the same sample analyzed to a linear rCRS (top) 
versus a circularized rCRS (bottom).  Notice the improved coverage across what we 
designate the “end” and “beginning” of the genome when the reference is circularized. 
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Amenability to library preparation– degraded samples may not produce results for 
entire genome, but in those cases, a HV region amplification and sequencing approach 
could be used with NGS technology. 
 
Amenability to bioinformatics– yes with tweaking and making the NGS bioinformatics 
consistent with forensic conventions. 
 
Improvement over current method– yes, NGS will allow for multiplexing of many 
samples, and facilitate whole genome sequencing, which is very labor intensive with 
Sanger technology. 

18 



Snps are new, complimentary information to our current forensic markers. 
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Categories first described by Kidd 2007, definitions found in Report on ISFG SNP Panel 
Discussion.  IISNPs- Polymorphisms that collectively have very low probability of two 
individuals having the same multi-locus genotype (except for identical twins). 
Redundant to STRs but no core loci. 
AISNPs- collectively can give a high probability of an individual’s ancestry being from 
one part of the world.  Good for investigative lead– resolution mainly at the continental 
level currently. 
LISNPs- sets of tightly linked snps that function as multiallelic markers that can identify 
relatives with higher probabilities than biallelic snps 
PISNPs- provide a high probability that the individual has particular phenotypes, such as 
a particular skin color, hair color, eye color, etc.  
AI & PISNPs- investigative leads to prioritize suspect processing, corroborate witness 
testimony, determine relevance of evidence 
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F statistics measure population differentiation, estimated by genetic data— 
F IS measures the variance in allele frequencies among individuals compared to average 
variance in their subpopulation 
F ST measures the variance in allele frequencies among subpopulations compared to 
the average variance in the total population 
 
Ideal IISNPs are low Fis & Fst (zero), and high heterozygosity (highest possible =0.5, eg 
AA=0.25, AG=0.5, GG=0.25) 
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RMP is on the level of CODIS STR loci, and SNPs have a benefit of lower mutation rate, 
which can be helpful in kinship analysis. 
 
These references are NIJ funded work that has been ongoing for past decade, but 
haven’t had a good way to genotype these SNPs.  Now all that work begins to pan out 
when we can quickly genotype a large number of SNPs. 
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48 of SNPforID 52 
37 of Kidd’s 45 
5 not in either panel 
 
NIST staff recently ran a pre-release version of this kit on our SRM samples (N=14) and 
obtained around 1000-2000X coverage per sample per locus. 
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There will be an analysis plug-in for the PGM server that returns the SNP genotypes.  
This is a view of some of the autosomal SNP data we recently generated (rs numbers 
not visible here but are present in actual report).  First row is a homozygous SNP, 
differing from the reference.  Heterozygotes appear balanced (near 50%).   
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This article from this past year presents results from an earlier version of this kit. 
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The authors show complete results down to 1ng and close to complete results even at 
100pg of input DNA. 
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Fixation may be the result of negative “purifying” selection, eg malaria resistance snps 
in subsaharan africa 
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An article showing a panel of SNPs designed for BGA in the US population. 
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The model is designed to predict the four primary populations of interest in the US. 
Highest average Fst in alfred is 0.774 for rs2714758 
Highest pairwise Fst from our training set is 0.886 for rs1426654 Asian compared to 
European 

30 



“Snipper” from Chris Phillips’ lab-- Interpretation with RMP/LR statistic, similar to 
statistics currently used for STR.  Allows for the input of any SNP data set by which to 
compare an unknown sample, or user can choose to import a custom data set.  A 
supplement to Gettings 2014 contains a data set with the four previously mentioned 
populations. 
 
A likelihood approach such as this could be more transparent for investigators than a % 
prediction. 
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Another similar approach from the Kidd lab, using allele frequencies in 80+ world 
populations to determine the RMP of the unknown sample in each world population 
and then comparing the RMPs. 
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Tightly linked snps that can give information about familial relationships because when 
two individuals have the same multilocus genotype, this can indicate ibd whereas a 
single snp (with only three possible genotypes) cannot distinguish ibs vs ibd.  mt & Y 
snps are great example 
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This illustrates the difference between information content for lineage markers, 
whether LISNPs on autosomes (such as microhaplotypes) or mt/Y data, compared to 
ancestry informative markers.   
 
Using only mito and Y data, we only obtain information on 1/8th of a male’s overall 
ancestry four generations prior, and for a female, mito only gives 1/16th of overall 
ancestry four generations prior. 
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SLC24A5 gene codes for a solute carrier protein, involved in cation exchange. 
 
Nonsynonymous mutations in this gene disrupt melanogenesis & results in the golden 
phenotype in zebrafish. 
 
One polymorphism in this gene rs1426654 is fixed in the European population & 
appears to be a major factor in lighter skin pigmentation among Europeans– this is an 
example of positive (adaptive) selection. 
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This recent article shows a SNP array designed for forensic use. 

36 



This is a brute force method, using over 200K SNPs. 
 
>90% call rate = passing platform QC 
 
SNPs with overlapping information, and the prediction models are adaptable to the 
SNPs that produce data. 
 
Sensitivity around 10ng input required, less for only BGA prediction. 
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Graph is based on paper, not from paper.  BCA was determined with PCA from 80K+ 
autosomal SNPs, 484 Y SNPs, and 280 mtDNA SNPs.  Eye color based on Irisplex 6 SNPs, 
slightly lower success than the original publication, authors attribute to the samples 
being self-reported phenotypes.  Hair color, particularly red hair is low likely due to the 
array missing 4 of the Hirisplex 22 SNPs, all from the MC1R gene, which is largely 
responsible for the red hair phenotype. 
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An example report from Identitas, showing more generalized categories to improve 
phenotype predictions. 
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CE based SNP typing data– mixture might be detectable at SNP locus 2, but peak 
imbalance is common even in single source 
CE based STR typing data— mixture is detectable at all loci shown 
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CE based SNP typing data with triallelic SNPs.  Two individuals run singly and in 1:1 and 
1:8 mixtures.  7 tri-allelic loci were run– at 5 loci we cannot detect a mixture. 
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This article is an interesting application of NGS to distinguish identical twins, which is 
not possible with current STR technology. 
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In this mock case, the two twins samples (sperm, buccal & blood) were whole genome 
sequenced and compared.  The hypothesis was that mutations present in one twin’s 
sperm and not the other’s might have carried into the germline and thus be present in 
any offspring.  The SNPs shown are present in one twin’s sperm and to varying degrees 
in his buccal and blood, but they are absent from all of the other twin’s samples. 
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The child shares all these SNPs with one of the twins, thus this twin is expected to be 
the father. 
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Do we adopt core loci or incorporate SNPs with overlapping roles/purposes to allow for 
failures?   
 
Do we validate the same way as other markers if we are only using for investigative 
leads? 
 
Do we validate lab processing/genotyping in a way that allows for failures?   
 
The prediction models are evolving and predictions are often lower than we expect 
from forensic statistics 
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SNPs are completely amenable to NGS typing and bioinformatics.  No one method has 
been adopted by the community for forensic SNP typing– these markers are not yet in 
common use, so there is no “current method” for comparison. 
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Legacy– new NGS technology needs to be back compatible for databases 
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DNA sequences and CE results in four unrelated individuals reported as homozygous by 
CE, but with different sequence composition as shown with NGS. 
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D21S11 has significant variation of repeat units throughout the complex repeat motif. 
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Both are 46 bases long, but differ in base content – they will also have unique masses 
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Fig. 1 Comparison of the number of differentiable allele categories by three different 
genotyping technologies. For each locus, a representative number of alleles (numbers 
in 
parentheses) were analyzed by electrophoresis, ICEMS, and Sanger sequencing.  
 
The number of allele categories discernible via electrophoresis (black) and ICEMS (gray) 
is compared to 
the number of differentiable allele classes by sequence analysis and expressed in 
percent. Sequence analysis (white) corresponds to 100% of discernible allele categories 
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Example from identifiler 
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The STR loci no longer need to be separated based on size, as was the case with CE 
genotyping. 
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They also no longer need to be fluorescently labeled. 
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This method first detects the repeat motif and then anchors to a reference. 
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By aligning the data to an silico reference sequence, the genotype can be determined, 
and known sequence variants can also be detected. New repeat motifs (not included in 
the reference sequence) may not be detected. 
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This method looks for flanking regions (lower case highlighted), and only uses 
sequences where both 5’ and 3’ end flanking regions are present. 
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lobSTR and STRaight Razor methods give length based genotype.   
 
In silico reference can give known sub alleles.   
 
Ideal method wouldn’t be constrained to a ladder and would return sequence variants 
& changes in repeat motif. 
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The bioinformatics are challenging even for single source samples. 
 
Nomenclature– develop a new system for denoting sub alleles?  Use entire string for 
database searching?  These are questions the community would need to address prior 
to routinely generating sequencing data from STRs. 
 
In order to use the sequence variant data in forensic statistics, we need population 
databases with sequencing data. 
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The library prep and read length are amenable to STRs at this point.  The bioinformatics 
need improvement.  As existing CE-based STR processing is so streamlined, NGS would 
not currently be an improvement. 
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This is what a multimarker multiplex could look like, and the rough estimate of 
theoretical coverage with the current technology (2x300 v3 on the MiSeq and 318 chip 
on the PGM). 
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